Purpose: To assess whether CT findings, clinical parameters, and modified Hinchey classification are predictive of management outcomes of patients with acute diverticulitis. Materials and methods: Data were accrued between January 2014 and December 2015. A total of 301 adult subjects were identified from radiology reports, of which six who did not met the inclusion criteria were excluded, thus yielding 295 subjects. Subjects were 43.1% (n = 127) male and 56.9% female (n = 168), with mean age 51.9 years (range 18-90). Two independent abdominal radiologists reviewed all scans; imaging features and a modified Hinchey classification were scored. Descriptive statistics compared the relationships between imaging findings, clinical parameters obtained from medical record review, and modified Hinchey classification with management outcomes. Results: CT findings associated with surgical management include the presence of a pericolonic fluid collection (36.8% vs. 8.2%, P = 0.0001), colonic fistula (13.2% vs. 0.4%, P = 0.0002), extraluminal air (26.4% vs. 9.3%, P = 0.0052), bowel obstruction (5.2% vs. 0.0%, P = 0.0162), and a modified Hinchey score of Ib or higher (55.3% vs. 11.7%, P = 0.0001). Slightly lower systolic blood pressure was also associated with operative management (137.2 mmHg vs. 128.2 mmHg, P = 0.0220). Conclusion: Specific CT imaging features and modified Hinchey classification are associated with subsequent surgical management in patients with acute diverticulitis.
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Key words: Diverticulitis-Hinchey-AbscessManagement-Colon-Computed tomography It is estimated that as much as half of the adult population in the United States has colonic diverticulosis, and 10-25% may go on to develop acute diverticulitis [1] . An analysis of recent annual discharge data found that acute diverticulitis was responsible for over 300,000 hospitalizations annually in America [2] . It is reasonable to conclude that acute diverticulitis is a considerable public health problem.
The management of patients with acute diverticulitis has evolved in recent years. In 2000, the American Society of Colon and Rectal Surgeons stated that an elective colectomy should be considered following an episode of complicated acute diverticulitis [3] . Acute diverticulitis is considered complicated when there is an associated abscess, bowel perforation, bowel obstruction, fistula, or stricture. For cases of uncomplicated acute diverticulitis, i.e., those that lack the above-mentioned features, the decision to pursue an elective colectomy should be determined on an individual basis [3] . Cases requiring emergent colectomy include patients who fail conservative management or who have peritonitis, and an emergent colectomy is considered appropriate when purulent or feculent peritonitis is present [3] . However, some surgeons have begun to explore the role of laparoscopic lavage and drainage for patients with purulent peritonitis (Hinchey III), though this approach remains controversial [4, 5] . In fact, recent evidence suggests that there is much controversy around the management of acute diverticulitis, even within the same geographic region [6, 7] .
In recent years, a trend has emerged in the surgical literature moving toward non-operative management of patients with acute diverticulitis. Several studies have shown non-operative management to be a safe alternative to colectomy in cases of uncomplicated diverticulitis [8] [9] [10] . Although the rates of recurrent episodes of acute diverticulitis in patients managed conservatively were not insignificant, the overall risk of mortality was low [8, 9] .
Several studies have explored the relationship between specific CT findings of acute diverticulitis and subsequent clinical outcomes, with mixed results [11] [12] [13] [14] [15] [16] . To our knowledge, no studies have compared the relationship of modified Hinchey classification on CT with subsequent surgical management outcomes. Briefly, the Hinchey Classification was first described in 1978 [17] and was used a decade later to compare surgical outcomes by Wasvary et al. [18] . Originally a surgical classification system, the criteria were summarized and adapted by Kaiser et al. for use in CT interpretation [19] . Although multiple authors have put forth additional proposals for classification systems since then [20] , the Hinchey classification is the most widely known and accepted among surgeons at this time.
The purpose of this study is to assess whether CT findings, clinical parameters, and modified Hinchey classification are associated with the need for subsequent surgical management of patients presenting to the emergency department with acute diverticulitis.
Materials and methods
This retrospective study was performed at a single urban academic medical center and was in compliance with the Health Insurance Portability and Accountability Act. Prior to beginning the study, approval was obtained from the institutional review board. Informed consent was waived.
Adult patients (mean age 51.9 years, range 18-90) were included if they were diagnosed with acute diverticulitis in the Emergency Department (ED) by a CT scan of the abdomen and pelvis performed with intravenous contrast. All reports from contrast-enhanced abdominopelvic CT scans performed in the Emergency Department over a 2-year period (January 1, 2014-December 31, 2015) were used to identify 301 potential subjects. Two fellowship-trained abdominal imaging radiologists C.L. and A.G. with, respectively, 8 and 12 years of experience independently reviewed the CT scans for these patients. Scans were evaluated for the presence of specific imaging features, including bowel wall thickening ( ‡ 5 mm), diverticulosis, an inflamed diverticulum, pericolonic inflammation, a pericolonic fluid collection, bowel obstruction, free fluid, extraluminal air (local or diffuse), bowel wall abscess, and colonic fistula. Readers were also asked to provide a modified Hinchey score for each case. Examples of the modified Hinchey classification are shown in Fig. 1 . In cases of disagreement, the study radiologists reviewed the images and consensus was reached.
In addition, a review of the medical charts was performed with attention to certain clinical parameters at the time of presentation, including the number of previous episodes of diverticulitis, temperature, serum white blood cell count, systolic blood pressure, and serum lactate levels. Patients were included in the surgical cohort if they underwent surgery at any time since the presentation of acute diverticulitis included in the study period. Patients were included if both interpreting radiologists agreed that with the diagnosis of acute diverticulitis after interpreting the CT scan. Following review of the CT images and medical records, six patients were excluded from the cohort, including three due to imaging findings (two epiploic appendagitis, one colitis), two due to incomplete medical charts, and one patient who was scanned twice during the same ED visit. Thus, the final cohort consisted of 295 patients, of which 43.1% (127) were male and 56.9% (168) were female, with a mean age of 51.9 years (range 18-90).
Fisher's exact test and Student's t test were performed to compare data from the two groups, with P < 0.05 being considered statistically significant.
Results
There was no significant difference between the age of the surgical and non-surgical subjects (P = 0.909), 50.0 years (range 26-86 years) and 54.0 years (range 18-90 years), respectively. The surgical group comprised 31.6% male and 68.4% female, as opposed to 45.8% male and 54.2% female in the non-surgical group, which was also not significantly different (P = 0.160).
Regarding the clinical parameters, a slightly lower systolic blood pressure was seen in the cohort treated surgically, 128.2 mmHG vs. 137.2 mmHG (P = 0.022). There was no difference in the number of previous episodes of acute diverticulitis, with an average of 1.5 previous episodes for the surgical group vs. 1.6 for the nonsurgical group (P = 0.349). There was also no statistically significant difference in the temperature (98.6 F vs. 98.4 F, P = 0.2270), white blood cell count (11.3 k/mcL vs. 11.9 k/mcL, P = 0.4285), or serum lactate levels (1.5 mg/dL vs. 1.9 mg/dL, P = 0.353). The mean and median time to surgery for the operative group were 71.6 days (range 0-418, standard deviation 93.1) and 31.5 days, respectively.
Regarding the specific imaging features on CT, findings associated with surgical management included the presence of a pericolonic fluid collection (36.8% vs. 8.2%, P = 0.0001), free intraperitoneal air (P = 26.3% vs. 9.3%, P = 0.0052), small or large bowel obstruction (5.2% vs. 0%, P = 0.0162), and colonic fistula (13.2% vs. 0.4%, P = 0.0002). The presence of free air was more likely to be associated with surgery when it was diffuse rather than local, as 70.0% of patients with diffuse free air underwent surgery, whereas just 16.7% of patients with localized free air underwent surgery (P = 0.0147). Additionally, a Hinchey classification score of Ib or higher was more significantly associated with surgery than Hinchey scores of Ia (55.3% vs. 11.7%, P = 0.0001). Specific CT findings that were not significantly different between the surgical and non-surgical groups include bowel wall thickening (98.8% vs. 97.4%, P = 1.000), diverticulosis (99.6% vs. 100%, P = 1.000), an inflamed diverticulum (95.7% vs. 94.7%, P = 0.6675), pericolonic inflammation (P = 0.2414), diffuse free fluid (1.6% vs. 2.6%, P = 0.5007), and the presence of a bowel wall abscess smaller than 4 cm (2.3% vs. 5.3%, P = 0.2751) (Figs. 2, 3) .
The clinical parameters and imaging features, including modified Hinchey classification scores, are summarized in Tables 1 and 2 , respectively. Interobserver agreement is summarized in Table 3 . Fig. 3 . A 75-year-old woman with a history of diverticulitis who presented with lower abdominal pain. Contrast-enhanced axial(A) and coronal (C) CT images of the abdomen and pelvis demonstrated acute diverticulitis with pericolonic fat stranding, engorgement of vasa recta, and mesenteric lymphadenopathy. She also had that near-circumferential intramural abscess of the sigmoid colon (A and B, arrows).
Discussion
As surgeons gravitate toward conservative management of acute diverticulitis when possible, information regarding clinical and imaging features associated with management outcomes is useful in guiding patient management. Several conclusions can be drawn from this study.
First, the clinical parameters examined generally do not predict which patients will subsequently go on to surgical management. The only significant finding in this area was a slightly lower systolic blood pressure in the group that went on to surgery. This finding is likely of limited significance, since the mean systolic blood pressure in both groups was not hypotensive, and was normal in the surgical cohort. Since the differences in gender were not significantly different, that alone cannot explain the discrepancy in systolic blood pressure. The number of previous episodes of acute diverticulitis, temperature, white blood cell count, and serum lactate levels were not predictive of management outcomes.
Second, we demonstrate that certain specific CT findings are associated with the need for subsequent surgical management, including the presence of a pericolonic fluid collection, free intraperitoneal air, bowel obstruction, and colonic fistula. Interestingly, free intraperitoneal air was not an absolute determinant of subsequent surgical management. A total of 9.3% of patients in the non-surgical group had free intraperitoneal air, though in 83% of those cases it was local rather than diffuse. Another imaging finding which was not significant in differentiating the two groups was the presence of a bowel wall abscess under 4 cm. Familiarity with the imaging features and their implications may be useful in communication with surgeons.
Lastly, we found that subjects with a Hinchey classification of Ib or higher were more likely to require surgery. In fact, 88.3% of patients who did not undergo surgery were classified as Hinchey Ia. Acute diverticulitis is one of the most common conditions encountered in the setting of acute abdominal pain. As the management for this condition evolves over time, a familiarity with the modified Hinchey classification is useful to the practicing radiologist in order to communicate clearly with their surgical colleagues.
Limitations
This study has several limitations. First, it was a retrospective study that is inherently limited in its scope. Due to the retrospective nature, some of the data may have elements of uncertainty. For example, patients who report prior a specific number of episodes of diverticulitis in the past but we cannot confirm by reviewing CT scans from other hospitals. Second, it was performed at a single academic urban medical center, and practice patterns may vary widely. Third, as with any retrospective study, it is difficult to know whether patients subsequently received care elsewhere for future bouts of diverticulitis. In theory, this risk would evenly be distributed between the two cohorts, but it does provide an element of uncertainty.
